Summary.-.The ultrastructure and in vitro growth properties of 5 tumorigenic mouse submandibular-gland epithelial cell lines were studied. In all lines, in vitro acinus formation occurred, and well differentiated epithelial cells showing epithelial microvilli and desmosomes and cytoplasmic tonofilaments were present. None of the cells showed specific ultrastructural features of the normal differentiated submandibular-gland ducts.
THERE have been several attempts to establish epithelial models for in vitro transformation studies (e.g. Williams et al., 1973; Fusenig et al., 1973; Jype, 1974; Iype et al., 1975; Hashimoto and Kitagawa, 1974; Knowles and Franks, 1977) . Although many mesenchymal-cell transformation systems are available (e.g. Chen and Heidelberger, 1969; DiPaolo et al., 1969 DiPaolo et al., , 1972a Rhim and Huebner, 1973; Evans and DiPaolo, 1975) , epithelial models may provide a better understanding of the development and biological properties of the common adult human tumours, which are mostly of epithelial origin. To study neoplastic transformation in vitro, it is essential to identify changes in the in vitro properties of cells which correlate with tumorigenicity in vivo. Although several criteria have been used to assess neoplastic transformation of mesenchymal cells in vitro, reliable criteria for assessment of neoplastic change in epithelial cells have yet to be established.
At present, tumorigenicity remains the best test for epithelial transformation, though other properties have been described in some cell lines. Morphological criteria widely used to detect transformation of fibroblastic cells are unreliable in epithelial systems (Hashimoto and Kitagawa, 1974; Williams et al., 1973; Katsuta and Takaoka, 1972) , although colony formation in agar is reported to be a reliable criterion in some systems (Weinstein et al., 1975a, b) and it has been reported that both transformed mesenchymal cells and transformed liver epithelial cells have the ability to survive and proliferate in aggregate form in liquid medium (Steuer et al., 1977) .
It is desirable that the properties of a variety of in vitro transformed and tumour-derived epithelial cells should be studied to determine which characters these cells share with transformed fibroblasts, and to establish additional correlates with tumorigenicity. We have previously described an in vitro system for transformation of epithelial cells derived from adult mouse submandibular gland (Knowles and Franks, 1977) . The tumorigenicity of some of these transformed cell lines has been described elsewhere (Knowles and Franks, 1977; Franks and Knowles, 1978) . Here we describe their morphology and some of their in vitro properties.
METHODS
Cell lines.-Five epithelial cell lines were established from mixed cultures of mouse submandibular gland (Knowles and Franks, 1977) . Four of these lines, designated CSG 120/3, CSG 120/7, CSG 121/Mi and CSG 122/17 were derived from primary cultures which had been treated with 0-1 jug/ml 7,12-dimethylbenz(a)anthracene (DMBA) for 24 h on Day 4 in culture. The fifth line, CSG 141/4/8, was derived from a culture treated with dimethyl sulphoxide (DMSO). For clarity, the initial CSGs will be omitted from subsequent citations in this paper. Details of the early behaviour and establishment of the lines are given elsewhere (Knowles and Franks, 1977) . Four lines produced well differentiated adenocarcinomas at high frequency and after short latent periods when re-implanted into syngeneic animals (Franks and Knowles, 1978) . One line (122/17) produced mixed tumours with carcinomatous and sarcomatous areas.
The cells were maintained in Waymouth's medium MB 752/1 (Waymouth, 1959) (Borek, 1975) and bladder (Summerhayes, personal communication) .
Cytological features commonly described in transformed mesenchymal cells (e.g. irregularity of nuclear and cell shape and size, variation in density and numbers of nucleoli, cording, multinucleation and abnormal mitoses (Sanford et al., 1974) ) were observed at some time in all the lines, but only the irregularity in cell and nuclear size was a consistent feature of all lines.
Cell ultrastructure
The ultrastructure of cells from the 5 lines was examined in sections cut parallel to the plane of the substrate (Figs. 3-7) . The cell layers consisted of polygonal cells, often arranged around pseudoacini (Fig.  3 ). The irregularity of nuclear size and shape was marked, and many deep nuclear indentations were present in cells from all lines. The nucleoli were of widely varying density, and many cells contained 3 or more nucleoli. Cisternae of both rough and smooth endoplasmic reticulum were scarce, but numerous free ribosomes were present. A Golgi complex was observed in some cells but was rudimentary, and there were no ultrastructural indications of secretory activity as in the submandibular gland in vivo or in tumours derived from these cells (Franks and Knowles, 1978) . Mitochondria were dense, and showed considerable variation in size and shape. Bundles of tonofilaments were present in the cytoplasm and were particularly numerous in cells adjacent to the pseudoacini. Actin-like (7 5 nm) filaments were present in large numbers (Fig. 4) , especially in the basal cytoplasm near to the substrate. Cytoplasmic fat droplets were common, and most cells had several lysosomes; secondary lysosomes were numerous in 121/Mi.
The cell surface had numerous microvilli. Around pseudoacini these had central filament bundles (Fig. 5) and resembled luminal microvilli in the gland in vivo. However, they lacked the characteristic organized glycoprotein strands seen both in vivo and in the tumours produced by these cells. Typical junctional complexes (Farquhar and Palade, 1963) were present between the cells near to the lumen of pseudoacini (Fig. 5) and epithelial desmosomes were present at intervals between the cells elsewhere. Cells from 141/4/8 commonly showed interdigitating microvilli between adjacent cells (Fig. 3) but in the other lines the cell membranes were more closely apposed.
The cell substrate attachment was examined in sections of 120/7 and 122/1]7 cut vertically through the cell layer. Fig.  6 shows a vertical section through a piled-up area in a culture of 122/17. The attachment to the substrate was loose, and no hemidesmosomes and very little glycoprotein-like material were present. In contrast, cells of 120/7 were very closely (6) applied to the substrate, and large dense plaques were present beneath the cells (Fig. 7) . These were thought to be modified hemidesmosomes, since an electron-lucent zone was present between the cell and the dense material.
Growth in agar
All the cell lines formed macroscopic colonies in agar (Table) . Lines 122/17 and 141/4/8 showed the highest colonyforming ability (CFA) when first tested. Subsequent assays with 122/17 recovered from frozen stock showed greatly reduced CFA, indicating that cell selection may have occurred during the freezing and thawing procedures. In the other lines, tested at later passage levels, the CFA remained relatively unchanged. The ability of all the lines to grow in soft agar was strongly dependent on the seeding density of the cells. Such density dependence of epithelial cells has been reported elsewhere (Marshall et al., 1977) .
Since the cell lines had not been cloned before testing, it was possible that heterogeneity existed within the lines with respect to growth in agar. In order to test this possibility, clones of 122/17 at Passage 8 and 141/4/8 at Passage 6 were picked from agar, grown up and re-tested. The results are shown in the Table. Two clones from each line showed higher CFA than the parent line, in 3 clones no significant difference was found, and in one clone (141 /4/8/B 1) a marked reduction in CFA was found. These results suggest that, although there was some heterogeneity in the ability to grow in agar in the uncloned lines, no sub-population of cells with very high CFA was present. All the clones of 122/17 had epithelioid morphology in culture and two of these clones (122/17/A5, 122/17/A6), when tested for tumorigeni-city, produced carcinomas, indicating that the mesenchymal component did not contribute significantly to the ability of the line to grow in agar.
Growth on 3T3 monolayers
Some transformed mesenchymal cells are characterized by their ability to form colonies on confluent monolayers of normal cells (Aaronson and Todaro, 1968) . All the epithelial lines tested formed colonies on monolayers of 3T3 cells at a much higher efficiency than they did in agar (Table) . The plating efficiency (PE) of 122/17 declined after freezing, as did that in agar. In 2 of the cell lines (121/Mi and 141/4/8) the PE was altered when tested a second time, even though the corresponding CFE in agar remained unchanged.
Some of the clones picked from agar were re-tested for PE on 3T3 monolayers. Clones of CSG 122/17 showed a reduced PE but no marked differences between clones. The reduction in PE was thought to be related to the condition of the 3T3 monolayers used and their ability to act as "feeders" for the epithelial cells.
None of the lines had high PE on plastic. The only measurable PE obtained on plastic was 1% for 141/4/8 seeded at 1-28X 104 cells per dish. At higher densities, all the lines plated well, but colony counts were impossible at such high densities. Density-dependent inhibition of growth It has been shown that, provided growth stimulation by fresh serum is avoided, [3H] TdR labelling is confined to the outer margins of colonies of cells which exhibit density-dependent inhibition of growth (Fisher and Yeh, 1967) . Cells lacking density-dependent inhibition of growth produce colonies in which labelling is widely spread. This pattern of labelling has been shown for many neoplastically transformed cells, including some human epithelial tumour cell lines (Marshall et al., 1977) . All the lines tested here showed labelling throughout all colonies, even after prolonged periods of serum deprivation, (e.g. 10 days).
DISCUSSION
These experiments were undertaken to characterize the morphology and in vivo growth properties in 5 in vitro transformed epithelial cell lines, and to determine whether they share some of the properties commonly attributed to transformed mesenchymal cells. The ultrastructural observations confirm beyond doubt that all 5 lines are of epithelial origin, though none showed the more differentiated features of the in vivo granular tubule cell from which they are thought to be derived (Wigley and Franks, 1976) .
Several cytological features often associated with tumorigenicity in mesenchymal cells were observed in the epithelial cells. The most striking were the variation in nuclear shape, size and intensity of staining and loss of normal epithelial polarity. Detailed studies of a variety of such criteria in numerous mesenchymal cell lines (Sanford et al., 1974) have shown that cytological diagnosis does not always agree with in vivo tumorigenicity. It is clear that many more epithelial cell lines must be studied before the value of such markers can be fully assessed. A major problem is that it is not yet possible to maintain in vitro normal epithelial cell lines from most organs, for comparison (Franks and Wilson, 1977) , although normal liver-cell lines have been reported (lype, 1974; lype et al., 1975) . This problem has been discussed in detail elsewhere (Franks and Wilson, 1977 Borek, 1975) , but not all (Williams et al., 1973; Hashimoto and Kitagawa, 1974) .
Three commonly used markers of fibroblastic transformation, ability to form colonies in agar and on monolayers of normal cells and lack of density-dependent inhibition of growth, were present in all 5 epithelial lines. Colony formation in agar has been reported to be a reliable criterion for in vitro epithelial cell transformation (Weinstein et al., 1975a, b) . Our results confirm this. In epithelial cell lines from spontaneous human carcinomas, growth in agar did not correlate well with tumorigenicity in nude mice (Marshall et at., 1977) . One line which was tumorigenic did not grow in agar, and two lines which grew in agar were not tumorigenic. The latter result may reflect weaknesses of the nude-mouse test system for tumorigenicity of human cells. We have noted a marked dependence of our cells on the feeding effect of other epithelial or mesenchymal cells, and it seems possible that the tumour line which failed to grow in agar may have required conditioned medium to do so. It is also possible that the properties of transformed cells may be related in some way to the conditions under which they were transformed, and that fundamental differences exist between cell lines derived from spontaneous tumours and those established after in vitro transformation. Clearly this is a field requiring further study.
The CFEs recorded here are much lower than those reported for some transformed mesenchymal cells, particularly virustransformed cells (e.g. Weiss et al., 1973; McFarland et al., 1975) . It is probable that the density dependence of the lines used here contributes to this low CFA. It is also possible that the populations of cells are heterogeneous in their state of differentiation. Cells from cloned lines 122/17 and 141/4/8 can give rise to tumours of markedly varying morphology, which may suggest that a differentiating population of cells is present (Knowles, unpublished) . In vitro such cells at different stages of differentiation may sho-w some differential ability to grow in agar.
Our present results indicate that ability to form colonies on monolayers of 3T3 cells and absence of density-dependent inhibition of growth may be reliable criteria for assessing epithelial transformation in vitro. Growth in agar is regarded as a reliable criterion for neoplastic transformation in mesenchymal systems. The wide range of variation in CFE found in our cell lines may be due to local deficiencies in growth conditions and possible heterogeneities in the cell lines, as discussed earlier, but since some ability to grow in agar was always retained, this can be regarded as a useful marker. However, in our system and others, it is at present very difficult to compare the growth properties of inormal and transformed epitheliu.m. In our system, the normal cells do not actively proliferate to produce large numbers of cells, and they have not been grown in pure culture. It is therefore important that some additional markers of neoplastic transformation, not concerned with growth, should be available for use in epithelial systems and that in situ techniques for use in mixed culture should be developed. Techniques which can be used in such situations are currently under investigation.
